The combined colonic adenoma/microcarcinoid tumor is a rare intestinal neoplasm featuring intermingled adenomatous and carcinoid components. A few case reports and small case series have suggested that this entity exhibits an indolent clinical course. Here, we report two cases with these tumors, and describe the morphological features and clinical follow-up. A 61year-old male and 78-year-old male presented with heme-positive stools at their medical checkups. Colonoscopy revealed masses in the colons; we performed endoscopic mucosal resection. Both lesions featured low-grade adenomas and low-grade neuroendocrine tumors. We diagnosed combined colonic adenomas/microcarcinoids. The clinical courses of both patients were benign at follow-up at 2.5 and 6 years. Awareness of this rare colonic tumor should prevent potential diagnostic pitfalls and may help clarify the natural history of these tumors and their possible relationships with composite glandular/carcinoid tumors.
Introduction
Although subtle neuroendocrine differentiation detected histologically or immunohistochemically is common in colonic adenomas/adenocarcinomas, colonic tumors featuring significant proportions of morphologically recognizable neuroendocrine components are uncommon. When both the glandular and neuroendocrine components of a lesion exhibit benign morphologies, the lesion is termed combined adenoma/carcinoid tumor; when the carcinoid component is minute or microscopic, the tumor is termed combined adenoma/microcarcinoid tumor [1] . Although the natural history of colonic adenoma/microcarcinoid tumors remains largely unknown (because the entity is rare), a few case reports and small case series have suggested that these tumors are not aggressive [2] [3] [4] [5] [6] [7] [8] [9] [10] . Here, we present two cases of adenomatous polyps containing morphologically recognizable neuroendocrine components. Unlike carcinoid components, microcarcinoid components are less readily recognized histologically and therefore pose unique diagnostic challenges.
Case Presentation

Case 1
A 61-year-old Japanese male with a history of irritable bowel syndrome and diabetes mellitus presented with heme-positive stools at a medical checkup. Although he had diarrhea for 2 months 1 year before, ramosetron hydrochloride (5-HT3 antagonist) was effective. There were no abnormalities in physical examinations. Blood test results showed normal hemoglobin 14.9 g/dL (13.5-17.5 g/dL), increased aspartate aminotransferase 38 U/L (10-37 U/L), alanine aminotransferase 42 U/L (4-40 U/L), γ-glutamyltranspeptidase 68 U/L (11-64 U/L), glucose 236 mg/dL (60-110 mg/dL), and C-reactive protein 1.41 mg/dL (<0.3 mg/dL). Colonoscopy revealed a 15-mm diameter mass in the descending colon ( Fig. 1a ). Endoscopic mucosal resection (EMR) was performed. The patient is currently doing well without any recurrence or metastasis at 6 years after EMR.
Case 2
A 78-year-old Japanese male with a history of prostate carcinoma, viral hepatitis, and diabetes mellitus presented with heme-positive stools at a medical checkup. He did not have carcinoid syndrome-like symptoms such as diarrhea or flushing. Physical examination was entirely unremarkable. Laboratory results included normal hemoglobin 15.3 g/dL (13.5-17.5 g/dL), increased creatinine 1.00 mg/dL (0.3-0.9 mg/dL), total cholesterol 229 mg/dL (130-219 mg/dL), triglyceride 209 mg/dL (<149 mg/dL), glucose 145 mg/dL (60-110 mg/dL), and carbohydrate antigen (CA) 19-9 50 U/mL (<37 U/mL). Colonoscopy revealed an 8-mm diameter mass in the ascending colon ( Fig. 1b ). The tumor was removed via EMR. The patient remains well without any evidence of tumor recurrence or metastasis 2 years and 6 months after EMR.
Pathological Findings
Both tumors were polypoid in nature and were predominantly composed of conventional low-grade adenomatous tissue ( Fig. 2a, 3a ). In case 1, cells with uniform rounded nuclei and eosinophilic granular cytoplasm were evident in the adenoma; the features were characteristic of neuroendocrine differentiation. The cells were arranged in clusters or cords, or were individually dispersed (Fig. 2b) , and were intimately intermingled with the adenomatous component. Immunohistochemical staining revealed diffuse expression of synaptophysin and CD56, but not chromogranin-A (Fig. 2c) . The nuclei were strongly reactive for β-catenin ( Fig.  2d ) and did not exhibit significant atypia or mitotic figures. The Ki-67 labeling index was 1.45%. In case 2, a distinct neuroendocrine component composed of solid nests was evident at the base of the conventional low-grade adenoma (Fig. 3b ). The cells exhibited uniform rounded nuclei, and large, granular eosinophilic cytoplasms. Immunohistochemically, the cells were weakly positive for synaptophysin and CD56, but negative for chromogranin-A (Fig.  3c) . The nuclei were strongly reactive for β-catenin (Fig. 3d ). The Ki-67 labeling index was 0.99%.
Discussion
Mixed neuroendocrine/exocrine neoplasms of the large intestine are uncommon. These glandular neoplasms contain morphologically recognizable endocrine components constituting substantial proportions of the tumors [9] , which span broad biological and clinical spectra ranging from intermediate-grade goblet cell carcinoids to high-grade tumors such as mixed adenocarcinomas/small cell carcinomas. The combined adenoma/carcinoid tumor is a rare and distinctive member of this group, characterized by bland histology and a favorable natural history. The adenomatous tumor intermingles with a detectable but small carcinoid component; it is necessary to exclude a collision tumor and an adenoma with a few scattered neuroendocrine cells [2] [3] [4] [5] [6] [7] [8] [9] [10] . The intimate association between the two morphological components suggests that both tumor types arise from a common cell. Although the morphologies of the carcinoid and adenomatous components differ, molecular studies have suggested that both components originate from a common multipotent stem cell [2, 11] . Indeed, in vitro studies using non-transformed and immortal cells derived from rat ileal crypt cells have shown that such cells can transform into cells containing adenoma-like messenger ribonucleic acid (mRNA) and proteins, and cells expressing the serotonin receptor gene that exhibit neuroendocrine cell-like morphology [12] . Therefore, it is probable that a single stem cell proliferates and differentiates into both adenomatous and carcinoid components, creating a mixed adenoma/carcinoid tumor.
A neuroendocrine tumor is defined by the presence of an endocrine cell growth greater than 0.5 mm in diameter. A microcarcinoid tumor is defined when the tumor is between 0.5 mm and 0.5 cm in diameter and is not evident endoscopically [1] . It cannot yet be conclusively determined whether microcarcinoid tumors within adenomatous polyps are precursors of combined adenoma/carcinoid tumors or are related but distinct entities. As the distinction between microcarcinoid and carcinoid tumors depends (arbitrarily) on size only, it is probable that adenoma/microcarcinoid tumors are precursors of adenoma/carcinoid tumors. Thus, as discussed above, it is probable that mixed adenoma/microcarcinoid tumors originate from a single stem cell.
A few studies have explored the biological differences between carcinoid components associated with adenomas and sporadic, intestinal carcinoid tumors. Estrella et al. [2] found that the carcinoid components of adenomas exhibited significantly higher mean β-catenin scores than sporadic carcinoid tumors, suggesting that the latter tumors may develop via a pathway distinct from that giving rise to adenoma/carcinoid tumors. The strong, diffuse nuclear positivity for β-catenin suggests inactivation of the adenomatous polyposis coli (APC) gene in carcinoid components associated with adenomas, which is of pathogenetic interest. Most conventional colorectal adenocarcinomas commence as low-grade adenomas after inactivation of the APC gene [13] . The fact that this gene is inactivated in both the carcinoid and adenomatous components supports the hypothesis that both components are derived from a common stem cell. One report found that the overall survival of patients with adenoma/carcinoid tumors was significantly lower than that of patients with sporadic intestinal carcinoid tumors, but no patients in the former group died [3] . Therefore, the prognoses of patients with either type of tumor do not seem to differ.
In the gastrointestinal tract, mixed glandular/endocrine tumors include adenoma/carcinoid and adenocarcinoma/carcinoid tumors, and adenoma/neuroendocrine and adenoneuroendocrine carcinomas [14] . As the molecular profiles of endocrine carcinomas differ markedly from those of carcinoid tumors [11] , it is believed that adenoneuroendocrine carcinomas arise via transdifferentiation from preexisting adenocarcinomas, and not via malignant progression of preexisting carcinoid tumors. Therefore, although adenoma/carcinoid tumors can progress to adenocarcinoma/carcinoid tumors, it is unlikely that the other two combinations (adenoma/neuroendocrine and adenoneuroendocrine carcinomas) are derived from adenoma/carcinoid tumors.
Carcinoid or microcarcinoid tumors arise from stem cells in the crypt base, proliferate in the lamina propria, and invade the submucosal layer. Microcarcinoid tumors are small and can serve as precursors of carcinoid tumors; the former tumors are usually found in the lamina propria. During progression to carcinoid tumors, the microcarcinoid tumor cells proliferate, as do stromal fibroblasts, closely mimicking a desmoplastic reaction to an invasive carcinoma. Thus, in cases with adenoma/carcinoid tumors, stromal fibroblastic proliferation around the carcinoid components creates a risk of serious misinterpretation. An adenocarcinomatous invasion may be mistakenly diagnosed, and the malignant potential of the glandular neoplasm is in fact low [6] . Careful observation of the cytological features of both the carcinoid and adenomatous components, and meticulous immunohistochemical examination, will prevent misdiagnosis of an invasive carcinoma.
Another possible misinterpretation of an adenoma/microcarcinoid tumor, although clinically less serious, is the rare metaplastic change termed the squamous morula. This can arise in colonic adenomatous glands and may be morphologically indistinguishable from a carcinoid tumor. The cells are relatively small, slightly eosinophilic, and contain bland round to oval nuclei. Morulae are immunopositive for cytokeratin (CK) 5/6, as are microcarcinoid/carcinoid tumors, but are negative for neuroendocrine markers [6, 15] . Notably, the status of the squamous differentiation marker, p63, is not helpful; most squamous morulae and colonic adenomas do not express this marker [15] . In case 2 of this report, a structure similar to a morula was found in and around the adenomatous glands. This structure was immunoreactive for CK5/6 but negative for p63; a significantly higher proportion of cells (compared to the glandular component) stained with anti-synaptophysin antibody. Thus, not only the immunohistochemical profile indicated that neuroendocrine differentiation was in play; the cytoplasmic eosinophilic granularity was also suggestive. Therefore, we considered that the structure was a microcarcinoid tumor, not a squamous morula.
The malignant potential of adenoma/microcarcinoid tumors is unclear. Although Lin et al. [5] reported a case in which an adenoma/microcarcinoid tumor metastasized to a lymph node, the tumor morphology shown in a figure of the cited work is suggestive of a goblet cell carcinoid tumor (an amphicrine tumor exhibiting both adenocarcinomatous features and neuroendocrine differentiation) rather than an adenoma/microcarcinoid tumor. No convincing report has linked an adenoma/microcarcinoid tumor to a nodal or distant metastasis. Because these tumors are rare, and as no consensus treatment is yet available, we hope that increased awareness of the entity will improve diagnosis. Larger patient series are required to allow more definitive studies of the natural history and the clinical, pathological, and biological characteristics of this rare entity.
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